Horizontal Dipole + Quadrupole (curved)
This is the simplest and well-known case, encountered for example in weak focusing synchrotron accelerators.
It also occurs in combined function magnets. The Hamiltonian for 
Horizontal Dipole + Skew Quadrupole (curved)
The Hamiltonian reads:
The magnetic field and vector potential used:
The transfer matrix R reads: 
R=

RII
where
Dipole + Solenoid (curved)
The magnetic field and vector potential used:+ u, 1 l7= -&gt 1
The transfer matrix R reads: The Hamiltonian reads:
H = ;(P,z + P,") -$(xPY -yPJ + $(x2 + y") + ;k(x2 -y")
The magnetic field and vector potential used: _-
B' = ?(lcgp + kxfi + B&), ii = -;[B,,yi -&xij + k(x2 -y")i]. (13) (14)
The non-zero elements of the transfer matrix read:
In addition, the transfer matrix in terms of kinetic momenta reads: 
5
Cavity + Quadrupole
We consider the well-known periodic cavity structure with cylindrical symmetry, whose accelerating field E, and other non-zero field components read: [3] + where E, assumed to be constant, i.e. no fringe field, d is the period length, n is the space harmonic index, l& + k,2, = k2 = ( z)2, and k,, = k, + 2nn/d. The vector potential of the cavity field can be chosen as:
-Since we are interested in linear dynamics here, we can expand the Bessel functions as J,,(z) = 1 -x2/4 + . .. and J1(x) = CC:/:! + .e., which yields +For cavities in storage rings, usually only one mode is of concern and commonly used field expression is much simpler, nonetheless, it is covered by the general form. Although this transfer matrix is simplectic, damping effect is apparent if we remember that the momenta are normalized by a constant PO. Usually it is the total momentum of a particle.
But for this and next case, due to the existence of accelerating field, the total momentum of a particle is not conserved anymore. The increase of the total final momentum yields the dumping effect. However, care is needed when the energy gain is significant since S G v may not be a small quantity. I tin order for the K,,, to be constant, the longitudinal motion must be well synchronized such that the phase will not change (this may not be possible for different space harmonics). Otherwise, the Hamiltonian for the transverse dynamics will be time dependent and our treatment does not apply. Note that both Eq.(27) and Eq.(23) are independent of the parameter K,., i.e. the transverse electric field does not play a role in the transfer matrices. This is due to the cancellation of electric and magnetic forces.
Remarks
From these matrices, we see that, except for the dipoletquadrupole and cavitytquadrupole cases, all other cases are sources of linear coupling of transverse degree of freedoms. A quick look on the stability properties of these matrices will be interesting.
The dipoletquadrupole system is stable provided that i > 0 and k < 0. This is the well known stability condition -0 < n < 1 for a weak focusing synchrotron [4] , where k = -n/p2. The cavitytquadrupole case is stable if /kl < K,. The cavity-t-solenoid system is stable provided that B,2 > -4K,. The other systems are unstable in general. Note that when combined with dipole, solenoid and quadrupole axes are assumed to curve along the bending orbit. Dipole with straight solenoid or quadrupole are also practical cases but are not discussed here. Also note that the vertical dipole + quadrupole case can be obtained directly from the horizontal dipole + quadrupole case. So is the vertical dipole + skew quadrupole case.
